■ INTRODUCTION
Graphene has been the focus of materials science and applications due to its fascinating properties such as high electrical conductivity, exceptional mechanical strength and chemical stability. 1 Integration of graphene with various functional components is of great importance in materials synthesis because the formation of graphene hybrids (GHs), preferably by a controlled assembly procedure, can lead to materials with unconventional properties and diverse applications. [2] [3] [4] To date, graphene oxide (GO) is the most popular building block for the construction of GHs with tailorable geometries, such as core-shells, 5 two-dimensional (2D) sandwich-like structures, 6 and three-dimensional (3D) foams. 7 Because of the presence of oxygen containing functional groups, the engineering of a GO surface through either covalent (chemical modification and grafting) 8 or non-covalent (π-π stacking, hydrogen bonding, electrostatic interactions) 9 approaches is feasible to anchor various organic or inorganic species. However, the production of GO involves an aggressive oxidation process that destroys the electrical conductivity of graphene due to the inevitable disruption of sp 2 -carbon conjugation. 10 Although electrical conductivity can be partially recovered by thermal or chemical reduction, 11 the quality of reduced GO remains substantially inferior to that of pristine graphene. Within the scope of the production techniques for graphene (e.g., mechanical cleavage, liquid-phase exfoliation, and chemical vapor deposition, amongst others), electrochemical exfoliation of graphite emerges as one of the most desirable routes to prepare high-quality graphene on a large scale under mild conditions. [12] [13] [14] Recently, mass production of electrochemically exfoliated graphene (EEG) with low defect density and remarkable electronic properties in aqueous solutions was realized which opened enormous opportunities to fabricate various GHs for advanced applications. 15, 16 Assembly of EEG into GHs requires the individual dispersion of EEG in a solvent medium and strong interface interactions between EEG and the functional compounds. Unfortunately, because of its hydrophobic nature and inert surface properties, EEG can only be dispersed in polar aprotic solvents (e.g., N,N-dimethyl formamide (DMF) and N-methyl-2-pyrrolidone (NMP)) which is a major obstacle for solution processing and the assembly of EEG. 16 Noncovalent functionalization of EEG offers an alternative solution. 17 However, the presence of foreign stabilizers (e.g., surfactants or polymers) is undesirable for most applications due to their limited electronic conductivity and poor stability while the complete removal of residual stabilizers requires tedious purification or pyrolysis. 18, 19 Therefore, overcoming these limitations to simultaneously construct EEG assemblies or hybrids with well-defined nanostructures and to retain the superior properties of EEG has become the primary challenge for the development of hybrid materials based on EEG.
In this study, we present a bottom-up strategy to construct a series of novel 2D hybrids with EEG nanosheets sandwiched by various colloidal nanoparticles (CNPs). Polyaniline (PANI), in the emeraldine base form (PANB) is employed as a bi-functional linker to bridge the EEG and CNP counterparts. The aromatic backbone chains of PANB spontaneously adsorb onto the EEG surface via π-π interactions, whereas the exposed amine/imine groups serve as reactive sites to couple with CNPs via electrostatic interactions and hydrogen bonding.
Importantly, the conductivity of the PANB components can be recovered by a simple protonic acid doping method, accompanied by a conductivity enhancement of the resulting EEG 
■ RESULTS AND DISCUSSION
Assembly of EEG-CNP Hybrids. PANI is known to exist in several different oxidation states including reduced, half-oxidized, and completely oxidized polymers, 20 as shown in Figure S1 . PANI-derived materials were generally obtained as the emeraldine salt (PANS), 21 with less focus on the utilization of the solution-processable polymer form, the emeraldine base (PANB). Compared with other oxidation states, PANB exhibits multiple advantages for EEG functionalization and processing. First, PANB is best suited for processing due to its high solubility in polar aprotic solvents (e.g., DMF and NMP) 22 which allows for efficient adsorption and non-covalent functionalization of EEG. Second, PANB contains exposed amine and imine groups which provide a sufficient number of binding sites to interact with foreign species. Third, the unique electrical switching property of PANB enhances the electrical conductivity of the EEG hybrids by simple protonic acid doping (e.g., by HCl). The overall synthetic procedure for the 2D EEG-CNP hybrids is illustrated in Figure 1 .
EEG was first prepared according to a modified procedure via electrochemical exfoliation of graphite. 16 Briefly, a constant voltage (10 V) was applied to a two-electrode system with a Morphological and Structural Characterization of EEG-PANB. The microstructure of the EEG sheets was examined by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). As shown in Figure Figure 2e ). 27 The coating process of PANB is controllable by varying the concentration of PANB in DMF which is described in detail in the Supporting Information ( Figure S5 and Table S1 ). 
Electrical Property of EEG-PANS.

Assembly Mechanism. To determine the mode of interactions between EEG-PANB and Si
NPs, the surface charges of Si NPs and EEG before and after functionalization with PANB were monitored by zeta potential (ζ) measurements (Figure 3d ). Typically, EEG nanosheets and Si NPs are negatively charged in DMF solutions (ζ = -21.8 mV and -41.1 mV, respectively). This result suggests that the formation of stable EEG/DMF dispersions can be partially attributed to the electrostatic repulsion which is similar to the colloidal behavior of GO in aqueous solution. 31 To simulate the assembly process, we explored the surface charge 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 of EEG-PANB in DMF solutions with various methanol volume fractions (V m , 0-0.95).
Methanol serves as a "soft" reagent to interact with EEG-PANB, having the same functionality as the hydroxyl groups on the Si NP surface. we assume that the interaction is primarily driven by the hydrogen bonding between PANB and PVP rather than by electrostatic interactions.
32,33
Page 8 of 15
ACS Paragon Plus Environment
Journal of the American Chemical Society   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 EEG-Si as Anode Material for Lithium Storage. Graphene-based hybrids hold great promise as electrode materials for energy storage applications such as lithium-ion batteries (LiBs). 34 Recently, the design and fabrication of graphene/silicon anode materials have attracted immense attention because of the combination of high-capacity Si active materials (4200 mAh g -1 ) and the unique graphene matrix. 35, 36 In addition to improving electrical conductivity, graphene layers afford an elastic buffering space to accommodate the volume change of Si during the lithiation/delithiation process. 30, 37 However, the RGO/Si NPs hybrids prepared through either the mixing/filtration or assembly approach suffer from low electrochemical performance, primarily because of the non-uniform dispersion of Si NPs and the limited contact with graphene. 38, 39 In this study, monodisperse Si NPs conformally bonded with the EEG sheets, forming an Si NP structural support and promising efficient transport pathways. To determine the effect of EEG on electrochemical performance, 2D RGO-derived
Si hybrids (RGO-Si) were prepared for comparison. RGO-Si was prepared by the same 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 synthetic approach using RGO as the building block (see detailed procedure in the Supporting Information).
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